A good estimate of the design effect is critical for calculating the most efficient sample size for cluster surveys. We reviewed the design effects for seven nutrition and health outcomes from nine populationbased cluster surveys conducted in emergency settings. Most of the design effects for outcomes in children, and one-half of the design effects for crude mortality, were below two. A reassessment of mortality data from Kosovo and Badghis, Afghanistan revealed that, given the same number of clusters, changing sample size had a relatively small impact on the precision of the estimate of mortality. We concluded that, in most surveys, assuming a design effect of 1.5 for acute malnutrition in children and two or less for crude mortality would produce a more efficient sample size. In addition, enhancing the sample size in cluster surveys without increasing the number of clusters may not result in substantial improvements in precision.
Introduction
Cluster sample surveys have become a standard method of assessing health and nutrition status in emergency situations when populations are large and no sampling frame exists to permit simple or systematic random sampling (Lemeshow et al., 1985) . Since the 30 cluster by 30 children (30 by 30) standard survey design for measuring acute malnutrition was recommended in 1994 (ACC/ SCN, 1995) , humanitarian agencies increasingly have used this method in emergency environments, and its application has been expanded to measure morbidity (Rothenberg et al., 1985; Cutts, 1988) and mortality outcomes (Spiegel and Salama, 2000) . Such use raises concern about the precision of the estimate when sample sizes are calculated.
Cluster sampling is defined as probability sampling in which sampling units at some point in the selection process are collections, or clusters, of population elements (Kalton, 1983) . Because cluster sampling results in greater statistical variance, and therefore less precision than simple random sampling when calculating sample size, the size of the sample calculated for simple random sampling must be enhanced by a factor called 'design effect'. Design effect is defined as the ratio of the variance of the estimate under the actual design used to produce the estimate to the variance of the estimate assuming the same data to have come from a simple random sample. In practice, the survey planner can calculate the sample size for simple random sampling and then multiply it by the estimated design effect. Consequently, the design effect is much more useful under field conditions than other measures of increased variance in cluster design, such as the rate of homogeneity, pair wise odds ratio or coefficient of variation (Bennett et al., 1991; Katz and Zeger, 1994; Katz, 1995) .
The standard nutrition cluster survey design described above assumes a design effect of two for acute malnutrition in children less than five years of age. However, the design effects for acute malnutrition, as well as for other outcomes, have not been thoroughly evaluated. They may be lower than two for nutrition or substantially higher for other outcomes (Katz and Zeger, 1994) . Despite this uncertainty, a reasonable estimate of design effect is necessary to calculate the most efficient sample sizes and to avoid wasting time and scarce resources in emergency situations. Yet, examples of design effects for relevant outcomes from emergency assessment surveys are not common. Calculations of design effects often are done poorly, design effects are not documented in survey reports, or analyses do not account for cluster methods, resulting in artificially narrow confidence intervals.
The objective of this paper is to review design effects in selected cluster surveys that examined selected nutrition and health outcomes in humanitarian emergency contexts. This information then can be used to guide decisions about sample size, number of clusters and mean cluster size vis-à-vis future cluster surveys and to improve assessment methods in humanitarian emergencies (SMART, 2002; Sphere Project, 2004) .
Methods
We selected seven nutrition and health outcomes from nine population-based cluster surveys conducted between 1994 and 2003 in five emergency settings: Afghanistan; Ethiopia; Kosovo; Mongolia; and Zaire (now Democratic Republic of the Congo). Only two of the surveys are published in the biomedical literature (Spiegel and Salama, 2000; Salama et al., 2001) . The outcomes examined in these surveys included acute malnutrition in children aged 0-59 months or 6-59 months (n=9); crude mortality (n=8); mortality in children under five years of age (n=6); acute respiratory disease in the two weeks before the survey (n=5); diarrhoea in the two weeks before the survey (n=5); measles vaccination coverage in children aged 0-59, 6-59 or 9-59 months (n=6); and anaemia in children aged 6-59 months (n=4).
Acute malnutrition in children was defined as a weight-for-height z score of less than -2.0 or nutritional oedema. Z scores were derived from the National Center for Health Statistics/Centers for Disease Control and Prevention (CDC)/World Health Organization reference population. Crude mortality was defined as the number of people who died in a given time interval during the emergency divided by the total population at mid-interval. Mortality in children was defined as the number of children less than five years of age who died in a given time interval divided by the population less than five years of age at mid-interval. The cumulative incidence of acute respiratory disease and diarrhoea was measured retrospectively for the two weeks prior to the start of the survey. Measles vaccination coverage was defined as the percentage of children of the targeted age group who had ever been vaccinated against measles before the day of the survey, confirmed by either vaccination card or reported by parents or a caregiver. Anaemia in children aged 6-59 months was defined as haemoglobin concentration less than 11 grams per decilitre (g/dL).
Epidemiologists from the International Emergency and Refugee Health Branch, Division of Emergency and Environmental Health Services, National Center for Environmental Health, CDC, were directly involved in all of the surveys and reassessed the data for this study. The criteria for selection of surveys included a minimum of 25 clusters, well-defined survey populations, and a well described procedure for sample selection and sample size calculation.
Statistical analyses were conducted using Epi Info (CDC, 2001) and SAS Institute, Inc. (SAS, 1999 (SAS, -2000 software. All samples were self-weighting. Design effects and standard errors for cluster design were derived from C-sample in Epi Info (CDC, 2001) , without using weighting or stratification. For stratified surveys, each stratum was analysed as a separate survey as long as it met the selection criteria described above.
To measure the effect of increasing the sample size on the statistical precision of an estimate of mortality rates in a methodological simulation, we took systematic random samples of 75 per cent, 50 per cent and 25 per cent of households included in the mortality survey in Kosovo, while leaving the number of clusters unchanged. In addition, we examined the impact on the design effect of changing the number of clusters by drawing systematic random samples of 40 and 30 clusters in the Kosovo survey and then randomly reducing the sample size to approximately 50 per cent of the original size to make them comparable to the 50 per cent sample with 50 clusters.
Finally, to examine whether the effects of reducing sample size in the Kosovo survey would be similar in a survey in an emergency setting in a developing country, we selected a systematic random sample of 50 per cent of the households that participated in the 2002 survey in Badghis, Afghanistan, and calculated the resulting precision around the estimate of crude mortality.
Results
All of the selected surveys had 30 clusters, except the Kosovo one, which comprised 50 clusters. Table 1 shows for each outcome the predicted and observed design effect, and the main factors affecting design effects. Because most surveys investigate more than one outcome, sample size calculation usually is limited to the main outcomes of interest, often malnutrition and anaemia in children, and crude mortality. The assumed design effects used to calculate sample sizes for the surveys included in this study differ for various reasons. Nutrition and mortality surveys conducted in Ethiopia from 2003 used the 30 clusters by 30 children standard method, as recommended by national guidelines (ENCU, 2003) . In Afghanistan, because the observed design effect for acute malnutrition in children was less than two in Badghis Province, the sample size calculation for subsequent surveys assumed a design effect of 1.5. Assuming that mortality was more clustered than malnutrition, investigators in Kosovo and Ethiopia predicted design effects of four for crude mortality. The unusually high design effects of 10 and above in Mongolia for malnutrition and anaemia in children came from previous surveys; however, the sample sizes calculated from these assumed design effects were not feasible and were not used to determine the final sample size ( Table 1) .
The cluster sizes for crude mortality were generally much higher (mean of 120 respondents) than the cluster sizes for other outcomes measured in these surveys (means ranging from 10-21 respondents) because the sample from which crude mortality was calculated included all members of selected households. The sample from which the other outcomes were calculated included only household members who were in the age-and sex-specific target groups appropriate for each outcome, such as children aged 6-59 months and women aged 15-49 years.
Prevalence and incidence rates varied according to the nature of the outcome and the severity of the emergency. For example, death rates in Goma, Zaire, in 1994 (Group, 1995) , and Gode, Ethiopia, in 2000 (Salama et al., 2001) , substantially exceeded emergency benchmarks of 1/10,000/day for crude mortality and 2/10,000/day for mortality among children under five years of age (Sphere Project, 2004) , whereas other surveys yielded mortality rates below these yardsticks ( Table 1) . Other outcomes also showed considerable variability; for example, prevalence rates of acute malnutrition in children ranged from 0.9 per cent in the areas of Mongolia not affected by severe winter weather in 2001 to 29 per cent in Gode, Ethiopia, in 2000.
The median observed design effect for acute malnutrition in children in the nine surveys was 1.4, and the observed design effect was less than two in seven (78 per cent) of nine surveys. Four (50 per cent) of the eight surveys that assessed crude mortality revealed observed design effects of less than two, and the median observed design effect was 1.7. Observed design effects for mortality and anaemia in children were most frequently below two (median 1.25 and 1.5, respectively). However, the observed design effects for communicable disease outcomes and measles vaccination coverage were consistently much higher ( Table 1) ; median observed design effects for the cumulative incidence of acute respiratory disease and diarrhoea and measles vaccination coverage were 3.6, 3.4 and 5.05, respectively.
Among 15 measurements of outcomes for which design effect had been assumed to calculate sample size, the resulting design effect was higher than anticipated for only two (13 per cent) ( Table 1) . No design effects, though, were assumed for the cumulative incidence rates of acute respiratory disease and diarrhoea and measles vaccination coverage-those outcomes with the highest observed design effects in this study. Observed design effects ranged from 0.8-4.4 across all outcomes except for measles vaccination coverage, which spanned a considerably larger range: 2.3-11.8. Observed design effects for anaemia and mortality in children yielded the lowest variability (range of 1.4-2.4 and 0.9-2.1, respectively).
In the survey in Kosovo in 1999, if simple random sampling was used instead of cluster sampling, the standard error for crude mortality decreased as the sample size increased, as expected ( Figure 1) . However, with the cluster sampling actually done in this survey, this potential increase in precision was almost completely offset by the rise in the observed design effect because of the larger cluster size. This resulted in only a minimal increase in actual precision and only a slight decrease in the width of the confidence intervals around the crude mortality rate as the sample size grew. Analysis of the data for violence-related mortality, which also had a high observed design effect in this survey (results not shown), yielded the same effect. In contrast, non-violence-related mortality did not show clustering, as indicated by an observed design effect of 1.0. For this mortality outcome, increasing the sample size from 2,208 to 8,585 substantially enhanced overall precision, as signified by a narrowing of the 95 per cent confidence interval from 0.06-0.37 to 0.18-0.34, because the observed design effect did not change. When the sample size remained constant, observed design effects and standard errors for crude mortality and violence-related mortality in Kosovo decreased, with an increase in the number of clusters reducing the mean cluster size ( Table 2) . Selection of a systematic random sample of 50 per cent of households in the Badghis (Afghanistan) survey cut the sample size from 3,160 to 1,572 and the mean cluster size from 105 to 52. Analysis of this sub-sample demonstrated a decrease in observed design effect from 2.9 to 1.5, whereas the standard error remained unchanged (0.0049), thus confirming the lack of effect on precision of changes in sample size in cluster surveys when the number of clusters remains constant. Note: * To be consistent with the original paper, we report here deaths per 1,000 per month.
Discussion
The surveys included in this paper demonstrate that the observed design effect for acute malnutrition among children in emergency-affected populations is often substantially less than two, the value assumed in the standard nutrition survey design recommended and used by many organisations to evaluate nutritional status in humanitarian emergencies. Consequently, health and nutrition assessment surveys routinely use an unnecessarily large sample size, resulting in the use of time, personnel and resources that might be better employed for other purposes. The assumption in the standard survey design of a prevalence of 50 per cent for acute malnutrition in children exacerbates this apparent inefficiency. Such prevalence rates are seen only in the most severe humanitarian emergencies (CDC, 1993) and may not be appropriate for widespread employment as an assumption in sample size calculations. Nonetheless, use of the standard 30 by 30 survey design is occasionally necessary in emergency settings where organisations with little epidemiological expertise undertake assessment surveys (Boss, Toole and Yip, 1994; Garfield, 2000; Spiegel et al., 2004) . In Ethiopia after the famine of 2002-03, the Ministry of Health promulgated standard guidelines for nutrition surveys, which recommended the 30 by 30 design (ENCU, 2003) . Even in this situation, though, these guidelines allowed calculation of a sample size other than 900 children if the necessary technical expertise were available.
Retrospective measurement of mortality in cross-sectional surveys has become common. In surveys that include such measurement, assuming a design effect of two or more for mortality rates may be too high, especially for mortality in children under five years of age, and may lead to a larger sample size than required to achieve the desired precision. Yet, in some situations, mortality rates may display substantially higher design effects of four or more. For example, warfare in the Balkans in the 1990s was marked by ethnic cleansing, which frequently consisted of targeted attacks on specific towns and villages, while others were left intact (Spiegel and Salama, 2000) . This pattern of violence caused considerable clustering of violence-related mortality. In addition, because of the lower level of communicable disease, violence was the predominant cause of mortality. Thus, as demonstrated by the results of the Kosovo survey, the design effect for the crude mortality rate was somewhat higher than in other surveys. Similar situations where design effects were affected by violence-related mortality have been recently reported in Darfur, Sudan (Depoortere et al., 2004) and Iraq (Roberts et al., 2004) .
In contrast, mortality in humanitarian emergencies in developing countries, where the other surveys in our study were carried out, is more often caused by communicable disease and malnutrition. In such situations, mortality usually may not be as clustered, and mortality rates may not have design effects as high as in Kosovo. The exception may lie in some acute outbreak situations. High non-violence-related mortality characterised the 2000 survey in Gode, Ethiopia, of which a substantial proportion was attributed to measles. Measles incidence rates sometimes may be as heterogeneously distributed as violence-related mortality, potentially resulting in high design effects that may influence the design effects for estimates of crude mortality. Because a higher proportion of children than adults die in developing countries due to the routine causes of mortality (such as diarrhoea, acute respiratory infections, malaria and measles), even during an acute measles outbreak deaths rarely will be as clustered for children as they are for adults. Survey planners need to be aware that, in developing countries, design effects in general tend to be lower for children than for adults.
Unlike the other outcomes considered in this study, the sample size for mortality consists of person time, not just the number of persons. Overestimating the sample size for mortality may result in visiting too many households, which may waste time and resources. Alternatively, the sample size for mortality could be increased by expanding the length of the recall period. However, extending the recall period into the more distant past may produce an estimate of mortality that may not sufficiently represent the current situation. Survey managers must weigh these two methods of adjusting sample size to ensure the survey produces a mortality estimate with both the necessary precision and timeliness to be useful.
The two-week cumulative incidence of diarrhoea and respiratory infection is regularly measured in cross-sectional surveys in emergencies to estimate the contribution of these common illnesses to overall morbidity. In addition, because of the potentially catastrophic consequences of a measles outbreak (Toole et al., 1989) , measles vaccination coverage is a critical health parameter to assess early in an emergency-affected population. These measures of morbidity and vaccination coverage appear to be more clustered than malnutrition, non-violence-related mortality and anaemia in children. Since most diarrhoeal diseases and some respiratory diseases are transmitted from person to person, individuals in the same cluster of a survey sample may be more likely to have similar disease status than those in different clusters. Hence, the differences between clusters are high relative to the differences between individuals within clusters, leading to heterogeneous distribution of disease and a high design effect. Measles vaccination coverage from a mass campaign may depend on the distance of the cluster from the vaccination site. In routine vaccination services, coverage will depend on access to health services. Both of these factors may be heterogeneously distributed. Survey planners appraising these outcomes must decide whether high precision is needed for these potentially important health conditions. If so, the sample size may need to be increased to account for the relative high design effect. Yet, in many surveys, these outcomes are considered secondary to malnutrition and mortality, and attempting to achieve high precision may not be an efficient use of survey resources.
Our findings indicate that enhancing the sample size without changing the number of clusters in a cluster survey may increase logistic requirements without substantially augmenting the statistical precision of an estimate of mortality rates. Decreasing the sample size of the Kosovo survey would have resulted in only a small loss of precision, and reducing the sample size in the Badghis survey by one-half would have yielded no loss of precision at all. In the latter survey, the measurement of mortality rates involved taking a complete household census at a specific point in the past and determining the current status of each of these household members. Such a procedure required substantial time at each household. It would have been possible to collect these data at every second selected household and still achieve the desired precision around the estimate of the crude mortality rate while saving substantial time during data collection.
Our results demonstrate that design effects for mortality rates increase, resulting in loss of precision, as the number of clusters for the same sample size decreased from 50 to 30. Previously, 25-30 clusters have been recommended for cluster surveys, considering the additional resources and time required to assess additional clusters (Binkin et al., 1995) . However, if more precision is needed, survey planners should consider boosting the number of clusters when they enlarge sample size rather than raising the average cluster size.
This study was based on a limited number of surveys from only nine emergency settings and considered only seven different health and nutrition outcomes. Nevertheless, these outcomes are the most important and most frequently measured in emergency assessment surveys. More surveys need to be examined to confirm these findings, and additional health and nutrition outcomes, including the prevalence rates of malnutrition and anaemia in adults, post-traumatic stress disorder and other mental health indicators, and infection with human immunodeficiency virus (HIV) and other sexually transmitted pathogens, should be included in similar analyses.
Selecting a design effect to obtain the most efficient sample size is more likely if the variability of the design effect in previous surveys has been relatively low, as in this study with the prevalence of anaemia and the mortality rate in children. For outcomes where design effect has shown more variability, such as for measles vaccination coverage, using design effects calculated from other surveys may be less helpful, and a more thorough on-site investigation may be necessary for each survey to estimate the heterogeneity of the distribution of the outcome in the target population. Among other techniques, such an investigation may consist of asking key persons if specific disadvantaged population groups have more or less of the health outcome than more privileged groups or if persons living in remote areas are likely to differ from those living in less isolated areas. If an outcome with a highly variable design effect is critical to the survey, selection of a relatively high design effect may be prudent to ensure sufficient precision.
Reducing the sample size of a survey to the minimum required to attain the desired precision also may enhance the accuracy of data collected. Smaller sample sizes may allow the hiring of fewer more highly qualified survey workers. Furthermore, survey training may be more effectively targeted at fewer survey workers, and supervision during data collection may be better if few survey teams are used. The consequence of underestimating the design effect and employing too small a sample size is an increase in the width of the confidence intervals around the estimates of prevalence or incidence rates. Perhaps more importantly, though, having a substantially larger sample size may result in bias that produces an erroneous outcome, potentially leading to implementation of unnecessary or inappropriate interventions. Because precision can be quantified, survey managers often pay much more attention to precision than to bias. Overall, more realistic assumptions about the design effects used to calculate sample sizes for emergency health and nutrition assessments can save resources, reduce delays in acquiring results and improve the accuracy of such assessments. Enhancing the efficiency and accuracy of health and nutrition assessments is especially critical in humanitarian emergencies where resources frequently are relatively scarce and timeliness is crucial.
Initiatives to improve health and nutrition assessment methods in humanitarian emergencies should incorporate these findings in future cluster survey guidelines (SMART, 2002; Sphere Project, 2004) .
Conclusion
We conclude that planners of nutrition and health surveys in emergency-affected populations may save resources and increase the accuracy of survey estimates if they follow three key recommendations. First, survey planners should calculate sample sizes of nutrition and health outcomes instead of using a standard 30 cluster by 30 children sample size. Second, they should carefully evaluate what precision is needed for the objectives of the survey, pay as much attention to preventing bias as to precision, and keep in mind that raising the average sample size in a cluster survey without increasing the number of clusters may not substantially augment the precision of survey estimates. Finally, survey planners should consider design effects lower than two for acute malnutrition among children and mortality in situations without major violence-related mortality or acute communicable disease outbreaks. In cases of violencerelated mortality, design effects for crude mortality may be four or higher.
